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(54) Reduction of aliasing artifacts in MRI 

(57) In a magnetic resonance imaging apparatus 1 
there is a region of good i.e. uniform field between A and 
B but, where the field falls off, say, at D, the r.f . excitation 
pulse can produce an alias image of D which overlies 



the desired image of say, B. To reduce this effect, the r. 
f. excitation coil 4 comprises an array of small coils, the 
amplitude and phase of the excitation of which is con- 
trolled so that the r.f. field collapses rapidly outside the 
region of good field. 
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Description 

[0001] This invention relates to magnetic resonance imaging apparatus. 

[0002] Such apparatus comprises a magnet for producing a main magnetic field to align magnetic resonant (MR) 
s active nuclei such as hydrogen in tissue in a patient or object, and r.f. excitation means to excite these nuclei to reso- 
nance. The resulting relaxation signals generated by the nuclei are picked up by a receive coil, and provide information 
on the distribution of the nuclei and hence information about the tissue itself. The signal is spatially encoded by means 
for generating magnetic field gradients. 

[0003] Typically, only a selected region of the patient is excited, but noise is generated from all parts of the patient, 
to whether excited or not. In the interests of improving the signal-to-noise ratio, it has been proposed (US-A-4 851 777, 
US-A-4 682 1 1 2) to provide an array of receive coils, the relative amplitude and phases of the signals from which being 
such that certain regions are nulled out i.e. signal is only collected from the region of interest. It has also been proposed 
in the same publications to use such an array of coils to excite only the region of interest This would then avoid 
unnecessary heat input to the remainder of the patient. 
15 [0004] In any magnetic resonance imaging apparatus, the region selected for imaging is within the region of good 
field produced by the magnet system. The requirements for the region of good field is that the field of the main magnet 
must be homogeneous to a very high degree, and the magnetic field gradients imposed on the main field must be 
uniform to a very high degree. 

[0005] The steepness of the magnetic field gradient in the axial direction may be influenced by the design of the 

20 imaging apparatus. Thus, in the interests of patient comfort, the axial length of magnets is being reduced, to avoid the 
need for the patient to be accommodated in a deep bore which could cause problems of claustrophobia. The axial 
magnetic field gradient, which usually defines the 0 slice n of the patient being imaged must necessarily then be steeper 
than hitherto. The gradient falls off outside the region of good field, but because the gradient is steeper, the fall off now 
takes place closer to the region of good field than hitherto. 

25 [0006] The particular slice selected in the region of good field is determined by the frequency of the r.f. excitation 
pulse which excites nuclei precessing at a certain frequency. The frequency at which the nuclei precess in turn is 
dependent on the magnetic field strength i.e. the point along the gradient in the axial direction. Unfortunately where 
the magnetic field strength falls off, it will pass through the same value as that which defines the selected slice. This 
region will also therefore be excited, and will impair the desired image picked up by the receive coil. This so-called 

30 aliasing is a known problem, but the shorter magnet makes it worse. 

[0007] The invention provides magnetic resonance imaging apparatus comprising means for producing a desired 
magnetic field distribution over an imaging region, r.f. excitation means for exciting nuclei to resonance, wherein the 
r.f. excitation means comprises an array of coils and means for controlling the amplitude and phase of the signal 
transmitted by each coil so as to confine the r.f. field to a desired region, to reduce aliasing in the images produced. 

35 [0008] The use of an array of coils to make the r.f. excitation pulse collapse where desired outside the region of good 
field solves the problem of aliasing for a short magnet. 

[0009] While a single receive coil may be provided for receiving the relaxation signals generated by the relaxing 
nuclei, preferably, an array of receiver coils is provided, and the amplitude and phase of the signals produced by each 
coil is controlled so as to reduce the signal received outside a desired region. Thus, the reduction of aliasing may be 
40 improved by using an array of coils for receive as well as for transmit. Preferably, the same array is used for both 
purposes. 

[0010] The invention is applicable to electro-magnets as well as to permanent magnets for producing the main field. 
[0011] Magnetic resonance imaging apparatus constructed in accordance with the invention will now be described, 
by way of example, with reference to the accompanying drawings, in which: 

45 

Figure 1 is a representation of the variation of the magnetic field gradient with distance along the axis of the imaging 
apparatus; 

Figure 2 is a schematic sectional view of the imaging apparatus; 

50 

Figure 3 shows the r.f. transmit coil of the apparatus of Figure 2; 

Figure 4 shows a possible region of interest of the coil of Figure 3; and 

55 Figure 5 is a block circuit diagram of the circuit for driving a coil. 

[001 2] The magnetic resonance imaging apparatus of the invention produces its main field by means of a supercon- 
ducting magnet contained within a housing 1 . The patient lies on the bed 2 which may be slid out of and into the bore 
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of the magnet 3. In addition to the main magnet, which produces a field along the axis of the bore, the imaging apparatus 
includes coils for producing magnetic field gradients, along the length of the bore, in order to define a radial slice of 
the patient to be imaged, and in two directions at right angles in the plane of that slice. The strength of the magnetic 
field in the axial direction of the bore is shown in Figure 1 . It will be seen that the gradient is linear between dotted lines 
5 A and B, and this defines the extent of the region from which good images may be obtained in the axial direction. 

[0013] The means for exciting the nuclei to resonance comprises a cylindrical r.f. excitation means 4, which is also 
shown in Figure 3. This comprises an array of coils E arranged with N coils around the circumference of the cylinder 
and M coils along the length of the cylinder i.e. a total of NM coils. 

[0014] The r.f. excitation means excites nuclei to resonance at the particular frequency at which it transmits, and the 
io slice selected depends upon the strength of the magnetic field, because this affects the frequency of precession of the 
nuclei. It will be seen that a problem arises if the coil excites nuclei in the radial plane passing through dotted line Br 
because the fall off of the magnetic field outside the region of good field means that there is another region relatively 
close by which would also be excited, lying within a radial plane coinciding with the dotted line D. 
[0015] The desired image from position B would be overlaid by aliased data from D. 
15 [0016] This is avoided by the use of the array of coils of Figure 3 and their method of being driven. 

[0017] It must be remembered that the individual loops or coils E do not form a phased array because their sizes 
are small compared to the wavelength in question (hundreds of centimetres). It is in fact a near field situation. 
[0018] In Figure 3, the array of small receiver coils are shown arranged in an N x M array. In Figure 4, a number of 

points Pi are defined inside a region it is desired to excite. The points plot out the spatial extent of the region (P A 

20 p x ). Another set of points P 0 (e.g. P A .... P G .... P x ), plot out the region into which minimal r.f. signal is desired. 

[0019] Each coil is separately tuned, and the signal fed to it' has an amplitude and phase (scaling factor kj j for coil 
in row i, column j) controlled by a computer. If the r.f. signal produced by a coil with unit current circulating in it at point 
P r which lies in the x,y plan of magnetisation i.e. in a radial slice, is Cj| r . t 
then the total signal received at point P r is 

25 

s r =J2 Ew 0) 

30 1=1 Z" 1 

S r , if in the region of interest, should desirably be 1 ; if outside the region of interest 0. Actually, for practical reasons, 
since N x M cannot be allowed to become too great, S r is allowed to approximate the these values. 
35 [0020] Then, for the complete set of points P, shown in Figure 4, a complete set of signals S P can be defined. The 
set of equations (1) can be solved simultaneously for the coefficient k s j, if P = N x M. 

[0021] Once this has been done a figure of merit can be attached to the achieved profile, and used to control the 
process. Suppose the error at point r is 5 r (when 6 r = S actual -S desired ) then an appropriate design target is: 
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where % is the array of points inside the desired region of interest, and X the array of points outside it. 
[0022] In this, the root mean square errors of those points inside the region of interest can be weighted by the factor 
W relative to those outside the region of interest to allow for design criteria such that it is more desirable to lose excitation 
50 jn the region of interest than have excitation in the regions outside. Note that while the same points have been used 
here for both steps in the design target there is no reason why the check on performance (equation 2) should not be 
over different, and more or less points, than those involved in equations (1). It may be useful to have a double check 
with the calculation in (2) using both the original set of points, and other, different, ones. 

[0023] Figure 5 illustrates the circuit for transmitting the signal from a typical coil E and comprises a tuning capacitor 
55 5, a transmit/receive switch 6 to either pass a transmit signal from a power amplifier 7 to the coil or to allow a received 
signal to pass to a pre-amplifier (not shown) via a matching circuit 8. 

[0024] In the transmit mode, the amplitude and phase of the current supplied to the coils E is controlled so that the 
r.f. field collapses very close to the dotted line B in Figure 2. The aliasing region is of course unaffected as it is determined 
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by the gradients and main fields. It will be noted that the aliasing problem cannot arise in the vicinity of dotted line A. 
[0025] In the receive mode, the same reasoning as employed above shows that the array of coils E can be used to 
minimise signal received from certain areas and maximise signal received from other areas. Thus, it would be desirable 
to maximise signal received in the vicinity of the good field (from A to B), and to minimise signal received from outside 
e.g. from region D. The region from which signal is received in the good field region could be even confined closer still 
to the vicinity of the "excited slice". Use of the array in the receive mode will have the advantage of improving the 
rejection of alias images, and of increasing the signal-to-noise by virtue of reducing the noise signal, which will be 
generated by all parts of the body. 

[0026] A typical size of magnet would be of the order of the following dimensions 1 200 - 1 300mm axial length, with 
a bore of diameter 700 - 900mm. 

[0027] Typical dimensions of the coils E could be 50 x 50mm, and a typical number could be 8 rows by 8 columns. 
[0028] While the invention has been described in relation to a superconducting magnet, it is applicable to all types 
of electro-magnets, and is equally applicable to permanent magnets for producing the main field. 

Claims 

1 . Magnetic resonance imaging apparatus comprising means for producing a desired magnetic field distribution over 
an imaging region, r.f. excitation means for exciting nuclei to resonance, wherein the r.f. excitation means comprises 
an array of coils and means for controlling the amplitude and phase of the signal transmitted by each coil so as to 
confine the r.f. field to a desired region, to reduce aliasing in the images produced. 

2. Magnetic resonance imaging apparatus as claimed in Claim 1 , in which an array of coils, controlled in amplitude 
and phase, is used for receiving r.f. relaxation signals. 

3. Magnetic resonance imaging apparatus as claimed in Claim 2, in which the same coils are used for transmit and 
receive. 
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